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Abstract
Pseudoaneurysms are commonly experienced vascular abnormalities. The increase in the number of surgical and 
arteriographic procedures has caused a higher prevalence of pseudoaneurysms. Conventional angiography is still 
the gold standard method for diagnosis, but other imaging modalities such as duplex Doppler ultrasonography, 
magnetic resonance angiography and computed tomographic angiography are useful in noninvasive detection. Over 
the past few years, interventional radiological treatment has evolved and taken the place of surgery in management. 
There are different kinds of percutaneous and endovascular treatment methods in pseudoaneurysm management. 
Treatment options depend on certain conditions. We used a case-based approach to discuss pseudoaneurysms and 
their appropriate treatment by interventional radiological methods in this article.
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Introduction
Pseudoaneurysms are common vascular abnormalities that 
occur from a defect in the arterial wall. Blood leaks through 
the disrupted wall into the surrounding tissue, which leads 
to a persistent communication between the originating 
artery and the adjacent cavity. Pseudoaneurysms have a va-
riety of causes, such as inflammation, trauma, and various 
iatrogenic causes such as surgery, percutaneous biopsy, 
drainage, and postcatheterization [1]. Pseudoaneurysms 
may occur in any damaged vessel including the carotid, 
extremity and visceral arteries. 
Conventional angiography is still the gold standard 
method for diagnosis [2], but other imaging modalities 
such as duplex Doppler ultrasonography (US), magnetic 
resonance (MR) angiography and computed tomographic 
(CT) angiography are effective in noninvasive detection. 
Early diagnosis is essential when considering the ruinous 
consequences of pseudoaneurysms.
In recent years percutaneous endovascular and surgical 
approaches for the treatment of arterial disease have been 
multiplying. These increased procedures and modern im-
aging modalities have made the diagnosis of pseudoaneu-
rysms more common [3]. Up until a short time ago, sur-
gical repair had been the primary treatment option. Over 
the past few years, interventional radiological treatment has 
evolved and taken the place of surgery [4,5]. The aims of 
this article are to review the minimally invasive treatment 
techniques of pseudoaneurysms and to discuss appropriate 
selection of the treatment option considering the features 
of the lesion.
Epidemiology
Formerly, the reported incidence of postcatheterization 
pseudoaneurysms ranged from 0.05% to 2% [6,7]. In 
these older retrospective studies, pseudoaneurysm diag-
nosis was made by clinical examination. Also, percuta-
neous endovascular techniques were less common in the 
past. Nowadays, minimally invasive treatment techniques 
are being used for many diseases. The increasing use of 
large-sized catheters and periprocedural anticoagulation 
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and antiplatelet therapy has caused higher incidence of 
pseudoaneurysms [3]. Furthermore, modern imaging 
modalities including US, duplex Doppler US, MR angi-
ography and CT angiography have helped detecting the 
pseudoaneurysms easily. In recent studies, postprocedural 
groin pseudoaneurysm incidence was reported as 2-6% [8]. 
In comparison to femoral artery pseudoaneurysms, vis-
ceral artery pseudoaneurysm are rare but life-threatening 
conditions [9]. The incidence of renal pseudoaneurysms 
is 0.01-0.09% and that of splanchnic pseudoaneurysms is 
0.1-2% [10]. Pseudoaneurysms may arise from any vessel 
affected by inflammation or trauma.
Clinical features
Pseudoaneurysms may not always show clinical findings 
and may be noticed during a radiological examination 
performed for another reason. Symptoms of pseudoan-
eurysms vary depending on their location. The most 
common presentation of a femoral artery pseudoaneu-
rysm is the presence of a pulsatile mass or palpable thrill 
with pain. Complications of pseudoaneurysms may be 
the result of mass effect and compression to the adjacent 
structures. During the follow-up period or if the pseu-
doaneurysm is not recognized, spontaneous thrombosis 
may occur [11] or serious complications may develop. 
Local ischemia, critical limb ischemia, skin necrosis, 
neuropathy, venous thrombosis and infection are the 
main complications [12,13]. Apart from these, rupture is 
the most important and dangerous complication because 
of the risk of morbidity and mortality [14,15]. Ruptured 
visceral pseudoaneurysms have higher mortality rates of 
25-70% depending on the diameter and the location [16]. 
Rupture and active extravasation from the pseudoaneu-
rysm may manifest as bleeding from a drain, hematem-
esis, melena, subcapsular hepatic or splenic hematoma.
Imaging
Ultrasonography
US is a useful, easy, cost-effective method and mostly the 
first choice in diagnosis of femoral artery pseudoaneu-
rysms. A prospective study proved high sensitivity (94%) 
and specificity (97%) for the diagnosis of peripheral pseu-
doaneurysms by using duplex Doppler US [17]. B-mode 
US shows an anechoic or hypoechoic sac adjacent to 
the damaged artery (Figure 1A). The size and the neck 
of the pseudoaneurysm can be seen and measured with 
B-mode US. However, it is not always easy to demon-
strate the communication between the originating artery 
and the sac with B-mode US. If the pseudoaneurysmal 
sac has a mural thrombus or hematoma inside, it can 
mimic complex cystic lesions or soft tissue hematomas. 
Duplex Doppler US supports the diagnosis by demon-
strating arterial blood flow within the sac and the neck 
(Figure 1B). Blood flow is known as the characteristic 
“yin-yang” sign and spectral waveforms show to-and-fro 
flow pattern [18]. US is also useful in the treatment of 
pseudoaneurysms. US-guided compression and US-guid-
ed thrombin injection are highly recommended and used 
treatment methods for iatrogenic femoral artery pseudo-
aneurysms [8,19-21]. Despite all these advantages, US is 
not so effective in the assessment of visceral artery pseu-
doaneurysms or deep-located arteries. Moreover, the 
quality of this modality depends on the skills and expe-
rience of the operator.
Computed tomographic angiography
Multi-detector row helical CT scanners have evolved over 
the years and become a very important tool for the di-
agnosis of pseudoaneurysms. Contrast-enhanced helical 
Figure 1. A) A hypoechoic sac is seen in B-mode ultrasonography. B) Duplex Doppler ultrasound demonstrates the “yin-yang” sign
A B
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CT angiography has been reported as a convenient im-
aging modality in the detection of neck, chest, abdomen, 
pelvis and extremity pseudoaneurysms [22,23]. Unen-
hanced CT scans usually show a low-attenuated mass in 
contact with the damaged artery. Hemorrhage may be 
detected with intermediate or high attenuation adjacent 
to the pseudoaneurysm. Thrombosis can also be seen as 
high attenuation within the sac in unenhanced CT scans. 
After contrast enhancement, a pseudoaneurysm show up 
as a well-defined round or oval collection filled with con-
trast material (Figure 2). Persistent low-attenuated areas 
within the sac indicate partial thrombosis. High attenu-
ation adjacent to the pseudoaneurysm reveals the most 
serious complication, rupture [24]. When compared to 
US, MR angiography and conventional angiography, CT 
angiography has some advantages. CT angiography is 
a standard method that is not dependent on the operator. 
CT angiographic images can be obtained in a couple of 
minutes. CT can also provide multiorgan screening of in-
jured patients in trauma or reveal the cause of pseudoan-
eurysm such as pancreatitis. Although acquisition time is 
short in CT angiography (1-2 minutes), postprocessing of 
data usually takes some time (15 minutes) [25]. Despite 
this, three-dimensional CT angiography permits examina-
tion of the lesion and its neck from all angles [26]. Studies 
have reported high sensitivity of about 90%-95.1% and 
high specificity of about 98.7%-100% for the diagnosis of 
arterial injuries by using CT angiography [27,28]. Appli-
cation of ionizing radiation and use of iodinated contrast 
material are disadvantages compared to MR angiography 
and US. Streak artifacts caused by foreign bodies and mo-
tion artifacts are the main problems in the assessment 
of vascular structures when using helical CT angiogra-
phy. Conventional angiography is still the best method 
in detecting the damaged distal, small-caliber arteries 
with higher spatial resolution when compared to CT 
angiography [29]. Lastly, US guidance or conventional 
angiography allows treatment of pseudoaneurysm during 
diagnosis. CT angiography may only help planning the 
treatment.
Magnetic resonance angiography
MR angiography may be useful in patients with renal 
failure and a history of iodine allergy. Three-dimen-
sional gadolinium-enhanced MR angiography demon-
strates the pseudoaneurysm in axial, sagittal and coronal 
planes. However, use of MR imaging can be problematic, 
due to cost, availability, or patient conditions (e.g., pace-
makers, claustrophobia). Moreover, especially in trauma 
patients, it is not convenient to choose the MR angiog-
raphy modality because of the long acquisition time and 
MR-incompatible medical equipment. In addition, the 
presence of surgical clips or stents can cause artifacts 
that may disrupt the image quality and cause nondiag-
nostic results [30].
Conventional angiography
Conventional angiography continues to be the standard 
method for the diagnosis of pseudoaneurysm [1,2]. It is 
the best technique to demonstrate a pseudoaneurysm that 
cannot be seen in other imaging modalities such as US, CT 
and MR angiography. Furthermore, conventional angiog-
raphy provides endovascular treatment options including 
embolization and stent-graft placement. Deciding on the 
appropriate treatment option for a pseudoaneurysm is an 
important issue. Angiography helps to solve this problem. 
Donor artery, the neck of the pseudoaneurysm, vascular 
supply, and collateral vascular structures can be evaluat-
ed with angiography. Sacrification of the donor artery and 
the treatment choice depend on these conditions. Despite 
these advantages, conventional angiography is an invasive 
procedure that may result in some complications such as 
hematomas, development of pseudoaneurysm, arterio-
venous fistulas, thrombosis, distal embolization, arterial 
spasm, ischemia and intimal dissection [31]. The inci-
dence of vascular complications was reported to be about 
0.7-11.7% [32]. Pseudoaneurysm development after cath-
eterization is between 0.5 and 2.0% and the risk increases 
up to 7.7% when coronary or peripheral interventions are 
performed [6,33]. In summary, conventional angiography 
can demonstrate small pseudoaneurysms and can help 
evaluating the hemodynamic condition of a vascular bed. 
Angiography should be performed when there is no evi-
dence of a pseudoaneurysm in other imaging modalities 
but having a high suspicion clinically. Also, it is the first 
step in endovascular treatment procedures.
Treatment
As a general consensus, symptomatic pseudoaneurysms 
should be treated. On the other hand, it is a controver-
sial issue that asymptomatic pseudoaneurysms should be 
treated or followed up. Depending on size and location, 
Figure 2. Coronal contrast-enhanced computed tomography shows a pseudo-
aneurysm that originates from the splenic artery
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it is reported in the literature that some pseudoaneu-
rysms may undergo spontaneous thrombosis [11,34,35]. 
The majority of small postcatheterization pseudoaneu-
rysms result in spontaneous thrombosis without any med-
ical procedure [36,37]. Based on these reports, conserva-
tive management may be recommended in asymptomatic 
iatrogenic femoral artery pseudoaneurysms. However, 
some departments prefer treating iatrogenic femoral ar-
tery pseudoaneurysms in case any complication occurs [8]. 
Although iatrogenic femoral artery pseudoaneurysms 
represent a large proportion of all pseudoaneurysms, vis-
ceral pseudoaneurysms are more aggressive and need to 
be taken more seriously apart from the size and symp-
toms. It should be borne in mind that the mortality rates 
of untreated ruptured visceral pseudoaneurysms may 
reach up to 100% [38,39].
Surgical repair was the first choice of treatment in 
pseudoaneurysms traditionally [40]. Reviewing the sur-
gical techniques is outside the scope of this article. Basi-
cally, surgery involves a bypass procedure with resection, 
arterial ligation and visceral organ. Surgical treatment has 
some disadvantages such as long hospitalization time, re-
quirement of general anesthesia and bad wound healing 
in patients with comorbidities. Furthermore, surgery has 
higher morbidity and mortality rates compared to inter-
ventional radiological treatment options [41]. The com-
plications of surgery are bleeding, infection, lymphocele 
formation, radiculopathy, myocardial infarction, and 
death [40,41]. Over the past few years, with technolog-
ical development, interventional radiological treatment 
methods have taken the first place in the treatment of 
pseudoaneurysms. Nevertheless, surgery is still the gold 
standard treatment method in infected pseudoaneurysms, 
rapid growth, ischemia, neuropathy, and failure of percu-
taneous or endovascular treatment [4,19].
Ultrasound-guided compression
US-guided compression is an easy, cost-effective, and safe 
technique in the management of postcatheterization fem-
oral pseudoaneurysms. The successful thrombosis rate of 
the pseudoaneurysm has been reported as about 75-98% 
[42,43]. This technique was the first choice in iatrogenic 
femoral artery pseudoaneurysms until recently. Ultrasound 
guidance allows one to observe the neck and the pseudoan-
eurysm during compression. Before compression, the lo-
cation of the neck and the pseudoaneurysm should be as-
sessed carefully. The US probe must be held over the neck 
and compression should cancel the flow through the neck 
and the pseudoaneurysm. However, pressure should allow 
the femoral artery to supply blood to the limb. If compres-
sion of the neck is not possible, US-guided compression can 
be done by compressing the pseudoaneurysm [44]. After 
10-20 minutes, the pseudoaneurysm and peripheral pulses 
should be assessed with duplex Doppler US. If there is no 
flow within the neck and the sac, the procedure is consid-
ered successful and terminated (Figure 3). If there is still 
flow in the pseudoaneurysm, this procedure can be repeat-
ed three or four times up to 1 hour [45]. This technique 
can be used in superficially located arteries such as femoral, 
axillary and brachial.
US-guided compression is a difficult technique for 
both the patient and the operator. Compression is painful 
for the patient and intravenous sedation is needed mostly 
during the procedure. For the operator, it is difficult to 
hold the probe stationary and apply the same pressure for 
a long time. Factors that negatively affect the success of 
compression are anticoagulation status, pseudoaneurysm 
size (higher success rates for pseudoaneurysms less than 
2 cm) and obesity [4]. Complication rates of this method are 
reported to be about 2.4-4.3% in some studies [20,43,46]. 
Possible complications are rupture, skin necrosis, venous 
thrombosis and distal embolization. Infection, ischaemia 
and surgical grafts are contraindications of US-guided 
compression [13]. Lastly, compression is not suggested in 
pseudoaneurysms above the inguinal ligament due to the 
possibility of rupture.
Percutaneous thrombin injection
Thrombin, which is the active form of prothrombin, con-
verts inactive fibrinogen into fibrin. Fibrin directly takes 
part in the formation of a thrombus. In recent years, nu-
merous studies have demonstrated that ultrasound-guid-
ed percutaneous thrombin injection is a safe and useful 
Figure 3. A 75-year-old woman who had undergone angiography 2 weeks 
ago was admitted with groin pain. A pseudoaneurysm of the common fem-
oral artery was observed and treated with ultrasound-guided compression 
for about 30 minutes, until the pseudoaneurysm was totally excluded from 
the femoral artery due to the formation of a thrombus inside it (star). Note 
the neck of the pseudoaneurysm (arrow)
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method in postcatheterization pseudoaneurysms [47-49]. 
Since Kang et al. [50] described this procedure, it has been 
used commonly and taken the place of US-guided com-
pression for the first treatment choice in postcatheteriza-
tion pseudoaneurysms. With a high rate of thrombosis 
success, which is greater than 90% [51,52], this method is 
also practical because it is not as painful as compression 
and the procedure takes less time. Percutaneous manage-
ment is favorable when endoluminal catheterization of the 
donor artery is not possible [5]. Pseudoaneurysms above 
the inguinal ligament can also be treated with this method. 
Many reports suggest using a concentration of 1000 IU/
ml [4,21,53]. However, some centers recommend a lower 
concentration of 100 IU/ml [54]. Bovine thrombin or hu-
man thrombin can be used but bovine thrombin may cause 
allergic reactions. There are some reported cases of an ana-
phylactic reaction after injection of bovine thrombin [55]. 
Therefore, most operators prefer to use human thrombin.
US-guided thrombin injection technique is not com-
plicated and generally there is no need for hospitalization. 
Before the injection, the pseudoaneurysm, the neck, and 
the adjacent structures are observed with a linear trans-
ducer. After that, a 19- to 22-gauge needle is advanced 
into the center of the pseudoaneurysm with US guidance. 
The injection is performed slowly and continually until 
the flow ends during duplex Doppler US monitoring (Fig-
ure 4). The flow in the sac usually stops within seconds. 
All these steps are carried out under sterile conditions. 
An additional dose should be injected similarly if there is 
still flow in the sac. Distal pulses are checked with duplex 
Doppler US after the procedure. Patients are monitored for 
about 4-6 hours and follow-up US should be performed 
after 24 hours.
The technical success rate was reported to be between 
93% and 100% in studies conducted recently [8,56,57]. 
Complication rates of thrombin injection are below 4% 
[48,49]. Complications include distal embolization, urti-
caria or anaphylaxis, skin cellulitis or abscess formation, 
and rupture of the pseudoaneurysm. Local infection, dis-
tal ischemia, and a history of allergic reaction to thrombin 
are the main contraindications of this technique [53].
Endovascular approach
Endovascular management helps to eliminate the pseu-
doaneurysms from the circulation. There are two main 
methods in general practice: embolization [58] and stent 
placement [59]. When deciding on the best treatment 
option, the size of the neck and the collateral supplies of 
an end organ should be evaluated carefully [5]. If the ar-
tery is sacrificable and does not have any collateral sup-
ply, afferent artery embolization is performed (Figure 5). 
In these conditions, the embolization procedure can be 
done with coils [60], detachable balloons [61] or N-butyl 
2-cyanoacrylate (glue) [1]. This is a useful procedure in 
arteries perfusing end organs (e.g. the kidney).
The internal iliac artery and its branches and the dis-
tal extremity arteries usually have much collateral supply. 
If collaterals are seen in the angiogram, exclusion of the 
pseudoaneurysm is performed by means of distal and 
proximal coil embolization (Figure 6). Furthermore, var-
ious visceral arteries such as gastroduodenal, hepatic and 
splenic arteries also have a rich collateral network. Afferent 
and efferent artery occlusion is performed when treating 
these kinds of visceral arteries. Distal artery embolization 
and embolization of the pseudoaneurysm itself can be an 
alternative in appropriate conditions (Figure 7). These end-
ovascular treatment methods are also used for the pseu-
doaneurysms (gastroduodenal, pancreaticoduodenal, or 
splenic artery) associated with chronic pancreatitis [62]. 
Due to the fact that chronic pancreatitis is a continuous 
inflammation, surgical approaches are suggested after end-
ovascular embolization to avoid rebleeding [63]. However, 
it was concluded in recent studies that endovascular em-
bolization is the first choice and an effective method in pa-
tients with chronic pancreatitis-related pseudoaneurysms 
[64,65]. If the endovascular procedure is unsuccessful or 
if the clinical status is unstable, a surgical approach should 
be considered as the treatment option [64].
If occlusion of the donor artery is not appropriate, 
exclusion of the pseudoaneurysm from the circulation 
should be performed by securing the donor artery. To de-
termine the acceptable treatment, neck size of the pseu-
doaneurysm guides the operator. If the pseudoaneurysm 
has a narrow neck, filling the sac with coils is preferred 
[65,66]. Embolization of the pseudoaneurysm itself by 
coils is achieved by advancing a catheter into the sac. 
Although this is the best option in narrow-necked pseu-
doaneurysms, there is a risk of recanalization due to the 
Figure 4. The pseudoaneurysm shown in Figure 1 was treated with percu-
taneous thrombin injection (1 ml)
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nature of the coils. Nevertheless, soft helical coils handle 
this problem by packing the sac firmly [67]. In addition, 
thrombin and N-butyl 2-cyanoacrylate (glue) may help 
to embolize the pseudoaneurysmal sac.
In a wide-necked pseudoaneurysm, it is essential 
to secure the donor artery blood supply. Endovascular 
coiling of the sac with an uncovered stent placement is 
an option in this type of pseudoaneurysm. Besides this, 
covered stent implantation is an alternative choice in 
wide-necked pseudoaneurysms (Figure 8). Placement 
of covered stents should be performed in large-diameter 
and relatively smooth vessels due to the need of stiffer 
and larger systems. Also, thrombosis risk increases in 
small vessels. Because of these issues, vascular anatomy 
should be evaluated carefully in covered stent placement 
procedures.
Although technical and clinical success rates are sim-
ilar between surgery and endovascular techniques, it is 
reported that endovascular management of pseudoaneu-
rysms has lower morbidity rates [68]. Also, interventional 
radiological treatment options are performed under local 
anesthesia. This may prevent complications and long-time 
hospitalization due to general anesthesia.
Conclusions
The increase in the number of surgical and arteriograph-
ic procedures has caused higher prevalence of pseudo-
Figure 5. A) Selective right external carotid arteriogram demonstrates a pseudoaneurysm (arrow) of the superficial temporal artery after trauma. 
B) Embolization was performed with 30% glue and Lipiodol mixture (arrows)
A B
Figure 6. A 25 year-old man presented to the emergency department after being stabbed in the hip. A) Digital subtraction angiography shows a pseu-
doaneurysm (thick arrow) of the inferior gluteal artery (thin arrow). B) Exclusion of the pseudoaneurysm by means of distal and proximal coil embolization
A B
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aneurysms recently. Diagnosis and optimal management 
are crucial due to the fact that pseudoaneurysms have 
life-threatening complications if not treated. Radiology 
offers alternative minimally invasive techniques that are 
associated with lower morbidity and mortality rates and 
have taken the place of surgery in the treatment.
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Figure 7. Splenic artery pseudoaneurysm caused by blunt abdominal trauma. A) Splenic arteriogram obtained before intervention shows two pseudoan-
eurysms (arrow and dotted arrow). B) Digital subtraction angiography demonstrates exclusion of the big pseudoaneurysm by distal coil embolization 
(arrow) and embolization of the pseudoaneurysm itself (dotted arrow). We decided to follow up the small pseudoaneurysm to protect the splenic blood flow
A B
Figure 8. Covered stent placement. A) Digital subtraction angiography (DSA) shows a wide-necked pseudoaneurysm (arrows) of the popliteal artery. 
B) DSA demonstrates exclusion of the pseudoaneurysm using a covered stent
A B
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